Time-resolved and in-situ observations using synchrotron radiation X-rays were performed to observe solidification of cast iron (CE=4.5, 0.02mass%Mg). Morphology of graphite particles was influenced by specimen holder material. In the Al 2 O 3 holder, graphite particles were spheroidal at the beginning and then deviated from the spheroidal shape. In addition, the coupled eutectic solidification of austenite and graphite occurred at the final stage. In contrast, the divorced eutectic solidification, in which graphite particles and austenite dendrites independently grew, was selected until the end of solidification in MgO holder. Spheroidal graphite particles were engulfed by austenite. Consequently, typical microstructure observed in ductile cast iron was reproduced in the in-situ observation. The results suggested that oxygen potential, which was determined by Al 2 O 3 or MgO (specimen holder) in the observations, could be an important factor for the selection of eutectic growth mode and graphite morphology.
Introduction
It is known that small addition of Ce or Mg to cast iron changed the graphite morphology from a flake shape to a more compacted or spheroidal shape [1, 2] . The solidification sequence in the ductile cast iron is rather complicated [3, 4] . The divorced eutectic growth is normally selected in the melt which contains sufficient Mg or Ce, leading to spheroidal or compacted graphite particles in the matrix. It has been proposed that inclusions [5] [6] [7] [8] [9] [10] or bubbles [11] [12] [13] act as nucleation sites for graphite and contribute to formation of spheroidal shape. In addition, S solved in the melt can degradation graphite shape [14] . However, it is still not clear how the spheroidal graphite particles form during solidification.
Time-resolved and in-situ observations using synchrotron radiation X-rays has allowed to observe solidification in cast iron in-situ [15] [16] [17] [18] . The specimens (3.79C -3.1Si -0.14Mn -0.015S -0.04Mg in mass%, CE=4.8) were repeatedly melted and solidified. In the first run, the graphite particles with spherical shape grew in the melt and were surrounded by austenite dendrites or the coupled eutectic front of austenite and graphite [16, 18] . In the second run and further runs, graphite particles transformed from spheroidal shape to flake-like shape before being engulfed by austenite dendrites or the coupled eutectic front. It was also emphasized that the temperature range in which the graphite particles grew as the primary phase increased with decreasing Mg concentration [17, 18] . It indicates that Mg in the melt can change phase equilibrium between liquid, austenite and graphite. In the previous studies, the coupled eutectic solidification, which is not observed in the ductile cast iron, always occurred at the final stage of solidification. This paper presents influence of specimen holder (Al 2 O 3 and MgO) on the microstructure evolution in the hypereutectic cast iron and demonstrates the selection of the divorced eutectic and the formation of spheroidal graphite particles. Figure 1 Setup for time-resolved and in-situ observation [15, 18] .
Experiments
The chemical compositions of specimen is 3.67C-2.63Si-0.45Mn-0.02Mg-0.003S in mass% (CE=4.5). Time-resolved and in-situ observations were performed at BL20XU beamline in SPring-8 (Synchrotron radiation facility in Japan). The X-ray energy used for the observations was 19keV. Figure 1 shows a setup for the in-situ observation. A furnace using a graphite heater, a thin specimen (100 μm in thickness) in a holder (Al 2 O 3 and MgO) and an X-ray imaging detector (consisting of a CMOS-type camera, an optical lens and a phosphor screen) were placed along the light axis. Details of the setup were described in previous studies [15, 18] . The transmission image signal was converted into a digital format and stored with a format of 2000 x 1312 pixels and 16-bit resolution. The pixel size was 0.5μm x 0.5μm. For the observation of solidification, the specimen with the microstructure of ductile cast iron was melted and then the melt was cooled at a cooling rate of 0.5K/s under a vacuum atmosphere (in the order of 10 0 Pa). Figure 2 shows a snapshot of solidification in a specimen (Al 2 O 3 holder). Despite of the hypereutectic composition (CE=4.5), dendritic growth of austenite and nucleation or growth of graphite particles simultaneously occurred at the beginning of solidification. Namely, the divorced eutectic solidification was selected at the beginning. According to the previous studies [16] [17] [18] , addition of Mg shifted the eutectic composition to higher carbon concentration. The simultaneous nucleation and growth is explained by considering the shift of eutectic composition.
Results and Discussion
As shown in the bottom part of Fig.2 , the coupled eutectic, in which austenite and lamellar graphite grew side by side, occurred after the divorced eutectic solidification. Since the lamellar spacing was smaller than the thickness of specimen, the coupled eutectic structure caused the foggy contrast on the transmission images ("γ+Gr" in the figure). Since the growth velocity of coupled eutectic was relatively high, the graphite particles and the austenite dendrites were engulfed by the coupled eutectic front within 2-3s. Shape evolution of graphite particles in the specimen (Al 2 O 3 holder) is shown in Fig.3 . The graphite particles were spheroidal at the beginning of growth (just after nucleation in the melt). Deviation from spheroidal shape to rather compacted shape (short branches grew from the spheroidal core) occurred in the melt and consequently circularity was degraded. The degradation of circularity in the melt suggested that the austenite dendrites did not directly influence the graphite growth. It should be noted that the occurrence of the coupled eutectic solidification and the degradation of spheroidal shape before being engulfed differed from the solidification of the ductile cast iron. Figure 4 shows snapshots of solidification in a specimen (MgO holder). Austenite dendrites grew and simultaneously graphite particles nucleated around austenite dendrites. However, the interaction between the austenite dendritic growth and graphite nucleation was not identified in the observation. Floating of graphite particles showed that the nucleation events occurred in the melt and most of the graphite particles kept spheroidal shape. The engulfment of graphite particles into the austenite occurred when the floating graphite particles touched the austenite dendrite arms. Only the divorced eutectic was selected when the specimen was put in the MgO holder. The microstructure of the specimen in MgO holder essentially agreed with the typical microstructure of the ductile cast iron.
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Science and Processing of Cast Iron XI Time evolution of graphite particles in the specimen (MgO holder) is also shown in Fig. 5 . The graphite particles indicated by an arrow nucleated and grew in the melt as shown in Fig.5(a) , because the most particles moved upward due to the buoyancy force. Figure 5 (b) shows spheroidal graphite particles just after the engulfment. The diameter of spheroidal graphite particles in Fig.5(c) is larger than that in Fig.5(b) . The observation clearly proved that the spheroidal graphite particles continued to grow in the austenite.
Solidification sequence including selection of eutectic mode and shape evolution of graphite particles were significantly influenced by the specimen holder (Al 2 O 3 and MgO). According to the previous studies [5] [6] [7] [8] [9] [10] 
